T he distal tibial epiphysis lends itself to unique fracture patterns during the adolescent growth phase because of its closure sequence. Physeal closure follows a predictable pattern from the anterolateral aspect of the medial malleolus to the posteromedial physis, then the posterolateral, and finally the anterolateral aspect. 1 The distal tibia is vulnerable to sustaining triplane and tillaux fractures during this period of physeal closure. Although x-rays were introduced early in the 20th century, it was not until 1970 that the first description of a triplane fracture appeared in the literature. 2 Since their first description, many reports have outlined different fracture patterns and classification schemes for triplane fractures. [3] [4] [5] However, the few reports describing outcomes of these distinct physeal and articular injuries have been limited by their small sample size, short follow-up, or limited radiographic evaluation with computed tomographic (CT) or magnetic resonance imaging scans. [6] [7] [8] [9] There are no reports that utilize validated outcome measures with mid-term or long-term follow-up. Our study population was limited to a minimum of 2 years' follow-up with mid-term follow-up defined as 2 to less than 4 years and long-term follow-up defined as Z4 years. The purpose of our study was to correlate the functional outcomes of distal tibia triplane and tillaux fractures with their residual articular gap or step-off after definitive treatment. We hypothesized that functional outcomes as measured with the Foot and Ankle Outcomes Score (FAOS) and the Marx Activity Scale (MAS) would correlate with residual articular gap and/or step-off.
METHODS
Approval from our institutional review board was obtained before embarking on this study. Funding was provided by an approved grant through our University Orthopaedic Research Education Fund. A retrospective database search was performed for all distal tibia transitional fractures treated at a single institution between 2000 and 2009. All patients with CT scans (n = 78) who had either a triplane (n = 58) or a tillaux (n = 20) fracture were included in the study. All patients were treated by fellowship-trained pediatric orthopaedic surgeons. The most common surgical technique was closed reduction and percutaneous cannulated screw fixation. Two validated outcome measures were used for the functional outcomes analysis, namely the MAS and the FAOS. The FAOS has 5 subscales: pain, symptoms, activities of daily living, sports and recreation, and quality of life. Each subscale is calculated to provide a number from 0 to 100, with 100 being the best outcome. The MAS is a measure of activity based on 4 activity types: running, cutting, accelerating, and pivoting. Each activity is scored on the basis of the frequency at which it is performed on a scale of 0 to 4, with the sum providing the final score. A score of 16 indicates the best possible score and therefore the highest level of activity. Surveys were completed either by mail or by phone call to provide a minimum of 2 years' follow-up (n = 34). A retrospective chart and radiographic review was also performed to assess sex, age, the treatment method, and complications. 
Statistical Analysis
A univariate analysis of variance was performed to determine the effects of sex and fracture type on age. Spearman correlations were performed to assess relationships between the residual articular gap, step-off, the fracture type, the number of parts, and outcome measures. Functional outcomes were compared between patients with mid-term and long-term follow-up using Mann-Whitney tests. Statistical significance was set at P < 0.05.
An a priori power analysis was performed to determine how many patients were needed for the study to obtain 80% power for detecting meaningful differences between groups on the basis of the 2 validated outcome measures. To detect a meaningful difference of 15 points (SD = 18) on the FAOS, a sample size of 48 was required. To detect a meaningful difference of 4 points (SD = 6) on the MAS, a sample size of 37 was required.
RESULTS
An institutional database search revealed 78 fractures that met our inclusion criteria, of which 58 (74%) were triplane fractures and 20 (26%) were tillaux fractures. The injuries were stratified with regard to age, sex, and the method of treatment (Table 1) . Nineteen (33%) of the triplane fractures were managed nonoperatively with closed reduction compared with just 3 (15%) of the tillaux fractures. Triplane fractures were further classified by the number of parts. Of the 58 triplane fractures, 34 (58.6%) were 2-part fractures, 22 (38%) were 3-part, and 2 (3.4%) were 4-part fractures (Fig. 2) . Women fractured at a significantly younger age than men for both fracture types (151 ± 43 vs. 172 ± 34 mo, P < 0.001, Fig. 3 ). In addition, triplane fractures occurred at a significantly younger age than tillaux fractures for both the sexes (161.4 ± 20 vs. 165.4 ± 18 mo, P = 0.010).
During this study, 34 patients with transitional fractures of the distal tibia completed the FAOS and the MAS. Of the 34 surveys returned, there were 15 (44%) patients who had some residual gap (mean = 1.4 mm, range = 1 to 2.4 mm) and/or step-off (mean = 1.4 mm, range = 1.1 to 1.7 mm) after definitive treatment and 19 (56%) who had no residual articular displacement. Follow-up averaged 4.5 years and ranged from 2 to 10.2 years. When grouped, the patients without residual articular displacement did not differ significantly on the MAS or any of the functional subscales of the FAOS from the patients with some residual gap and/or step-off (Table 2 ). In addition, neither the residual postoperative gap nor the step-off was significantly correlated with any of the functional scales on the 2 outcome measures (Table 3) .
In our cohort, there were only 2 patients who had an articular gap > 2 mm and no patients who had a stepoff >2 mm. One of these patients had an excellent outcome with an average of 95.5 on the FAOS subscales, and the other patient averaged only 80.3. Both of these patients had >7.5 years of follow-up. The patient with the longest follow-up time at 10.2 years had the worst outcome in the cohort. However, patients with a minimum 4 years of follow-up (n = 18) did not have worse outcomes compared with those with <4 years of follow-up (n = 16, P > 0.05 for all FAOS subscales).
DISCUSSION
Fractures of the distal tibia account for 5% of pediatric fractures and are therefore relatively uncommon. 10 The frequency of the fracture type classified by the number of parts in our study mimics the cumulative data of previous reports, with 2-part fractures being the most common. 11 Thus far, 4 studies have provided data on the outcomes of distal tibia transitional fractures, and they all used the modified Weber protocol, which rates outcomes as excellent, good, fair, or poor on the basis of subjective, radiographic, and clinical evaluation. [6] [7] [8] [9] In 1988, Ertl et al 6 performed an outcome analysis of 23 triplane fractures, of which 15 had late follow-up defined by them as a minimum of 36 months. They found that outcomes deteriorated at least 1 level for 6 of the 15 patients between the short-term and the long-term followup periods. Only 8 patients had CT scans. None of the 5 patients with residual displacement >2 mm had an excellent result, and the patient with a good outcome on initial evaluation deteriorated to fair at the long-term follow-up. They concluded that a residual displacement of > 2 mm, as measured on plain x-ray, led to activity-related pain. They also found a discrepancy in several cases between the number of parts seen on x-ray and the actual In 1996, Rapariz et al 7 provided a long-term followup of 35 patients in the Spanish population with triplane fractures, of whom 34 had good or excellent results and only 1 patient had a fair result. The 2 patients with >2 mm residual displacement were completely asymptomatic, but both showed degenerative changes on x-rays, 1 at 6 years and the other at 9 years of follow-up. Only 6 of the patients had CT scans to assess fracture displacement, of whom 1 patient was noted to have a 3-part fracture that was initially classified as a 2-part fracture by x-ray. Therefore, they also recommended routine use of CT scans. In 1997, Karrholm 8 provided a minimum of 4 years' follow-up on 21 patients in Sweden with triplane fractures and found no statistical significance between the outcome and the fracture displacement using the modified Weber protocol. Most recently, in 2010, Kim et al 9 provided a minimum of 1-year follow-up on 14 patients in a Korean population with triplane and tillaux fractures, all of whom underwent a CT scan. Thirteen of the 14 patients had an excellent outcome, and the patient with the longest follow-up at 11 years had a fair outcome.
Our results validate prior studies in that, on average, tillaux fractures occurred at a slightly older age than triplane fractures and that women are more likely to suffer these injuries at a younger age compared with men. 6 Our results show that women suffer these injuries on average 21 months earlier than men, which is consistent with the fact that women reach skeletal maturity generally about 2 years earlier than men. Although we found that triplane fractures occur at a statistically younger age than tillaux fractures in both men and women, the difference was only 4 months. Nonetheless, this information is consistent with the logic that, as the anterolateral physis of the tibia is the last to close, we would generally expect tillaux fractures to occur toward the end of distal tibial physeal closure and triplane fractures earlier in the process.
The outcomes of our study cohort suggest that as long as the residual articular displacement is <2.5 mm, neither the presence of some articular gap and/or step-off nor the magnitude of displacement is predictive of a poor outcome at 2 to 10 years of follow-up as measured by validated outcome tools. Open reduction internal fixation 3 (5) 1 (5) FIGURE 2. The proportion of each triplane fracture type is illustrated on the basis of a computed tomographic scan. One weakness of our study is that despite being the largest cohort reported to date on these injuries, it was still statistically underpowered. This means our results may be susceptible to type 2 errors such that there may indeed be a difference between the 2 groups with regard to articular displacement and outcomes. Our low follow-up rate of only 44% was primarily because of invalid/outdated phone numbers and mailing addresses. Another inherent weakness of this type of study is that as these injuries were all treated at a children's hospital by fellowship-trained pediatric orthopaedists, it is rare to find patients not treated definitively in accordance with prior recommendations to achieve <2 to 3 mm articular gap/ step-off, thereby limiting the range of articular displacement to the low end (floor effect). It is likely that a displacement greater than those accepted in our institution (> 2.5 mm) would prove detrimental to long-term outcomes.
In conclusion, our current study is significant because it is one of the largest on triplane and tillaux fractures, uses CT scans on all patients, and reports validated functional outcome data. There appears to be no significant correlation between the amount of gap or stepoff, if they are <2.5 mm and 2 mm, respectively, and functional outcomes at >2 years after injury. We recommend anatomic reduction with the goal being <2.5 mm of articular displacement. We did not find that outcomes are worse with long-term follow-up (Z4 y) compared with mid-term follow-up (2 to 4 y). Percutaneous fixation techniques yield overall good results. 
